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SUMMARY 



Thorrnal and pros sure drop pGrformancc data of a 
slotted-fin S t cv;ar t-V/arii er exhaust gas and ventilating 
air heat exchanger are presented, Measur eracn ts were- iiiade, 
using up to 7000 pounds per hour of exhaust gas and up to 
5000 pounds per hour of ventilating air. The inlet 
exhaust gas toniperature was maintainod at about 1400^ E; 
whereas that of the ventilating air ^as ahout 95° E, 

• Throe different crossflo^ air shrouds were used in 
tnese tests. The effect of installing a "central core" in 
the exhaust gas side -of the heater \7as de t eriuinr-d ^ Iso- 
th eriiial and n on- i s o thorrna 1 static pressure drop measure- 
ments were -nade on both tiio exhaust gas and ventilating 
air sides of the heatcro Isothermal pressure drops across 
the inlet and outlet ducts of the air shrouds T^cre mer?s- 
ured« Temperatures of the heater surfaces at several 
points r7crc also recorded. 

Measured and predicted h^at transfer rates and pres- 
sure drops are compared. The maximum measured rate of 
heat transfer vras. 216,000 Btu per hotir . The iiiaximum 
measured non- i so thermal prcsstirc drop on the vcn ti la tinc^ 
air side, using a semi- or d iagona 1- cr o s sf 1 o^ air shroud 
was 16o5 inches of water; whereas that using a full cross- 
flo-- shroud was 5.3 inches of water. The maximum measured 
pressure drop on the exhaiist gas side of the heater was 
9,3 inches of water "before the central core was installed 
and 15.9 inches of water after the central core was in 
place. The maximum heater-surface temperature was 1120^ ? 
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■ INTHGDUCTIOII 

The 3 te^Yart-Warner heater T7as tested on the lar;^o 
test .. stand.. in the . Mechanical SnginGcr ing Lahora tor i es of 
the University of California, (Soo fig. 1, and descrip- 
tion of test stand in reference 1,) 

Those heaters arc used in the e^ihaust §a's streams 
of aircraft engines, .fo.r caljin, vrlnf^, and tai l^surf ace 
heating systenis. 

The follorin^"^' data were cotained: 

1. Weight rates of exhaust gas and ventilating air 

throu.i;h the tw.o sides of- the heat excha'nf^or 

2. Toraporaturos of c::haust^as and of vcntllat-ing 

/ ■ air at.ontraiice and exit of heat cjcchangor 

■ ■ ' . ' ■f- ■ ■ . ' . 

3. Tciaporaturo's of the heater sixrfaccs 

4. ' Static pressure drop i:iea sur crjcnt s on the exhaust 

gas and ventilating air sides of the heater 
■ and due ts , under hoth i sotheruial .and hon- 
isotherriial f lo'v c ondi t i on s 

■ &• isotheri^al static pressure dr op acasur cnion ts 

across the inlet and outlet air-shroud ducts 
alone 

The ncasurerjents '^cre made wi,th throe, different ven- 
tilatinj^; air shrouds and also with and -without a "central 
core" installed in the exhaust gas side, of the heater, 

Syii30L3 



A • area of heat, transfer., ft" 

A^r^ cross-sectional area of one fin- on the vent i la t in^j; air' 
side of the;hgator, ft-' 

A^ cross-sectional area of one fin on the exhaust gas 
^ side of th-:.- heater, ft^ 

AgpQt-^old cross-sectional ar.:.a of spot \velds, ft' (See 

appendix , ) 



unfinned "base area on the ventilating air side of 
the heater, ft^ 

uiifinnod base area on the ^Gxhaus t . ga s side of the 
heater, f 

heat capacity of air at constant prcsGure, Btu/lb 

hoa t ■ capaci ty of e^zhaust gas at constant pressure, 
Stu/lh ' ' 

hydraulic- diameter , ft 

hydraulic diaiuotcr on ventilating air side, ft ' 

hydr.?ulic diameter on cxhauRt gas- side, ft 

unit therjDal convectiye conductance (avcra.-'C -^ith 
length), Btu/hr ft" ^"F 

unit theruial convcctivo' conductance- for the^v ont ila t- 
in;?: air (average ^ith length), Btu/hr f t.^ ojr 

unit thcriiial convective conductance for^thc exhaust 
■ gas ;(averago vrith length), 3tu/hr ft" 

gravitational force per unit of rjass, 1d/(1o sec'"/it) 

weight rate per unit of arcti, Ih/hr ff"' 

weight rate per unit of area for ventilating air, 
lb /hr f t ^ 

Tveight rate per. unit of area for exhaust gas, 
ib/hr f t^ . .. 

^thorjnal conductivity of fin i]:iaterial, Btu/hr ft^(^?/ft) 

therrjal conductivity of Inconcl heater shell, 
3tu/hr f t^- (OF/f t) ' 

distance betrjeen static-pressure ucasuring stations 
and length of heat transfer surface, ft 

length of fins on. v on t i la t i ng air side of heater 
.measured perpendicularly to the heater shell, ft 

length of fins on exhaust gas side of heater in-easurcd 
perpendicularly to the heater shell, ft 



. thickncgs of hoatcr shell, ft 
liUinlDor of. f iTiS oii voiitilatirig air side .' 
nuu"bDr of fiiiS on exhaust gas side 

h-bat ' 'trail sf or poriinctor of one fin. on either side of 
hoatcr , . f t • 

;;;casured rate of enthalpy Cixan^o of ventilating air, 
3tu/i-ir ' .. •. 

Mcasi.irod ra te of • en tha Ipy chan/^^o of e::.haust ^as,^Btn/hr 

r,-] total thcri:ial rosista.nco incliiding that throu^gh, 
hoatcr sncli, hr/Btu • • ; 

• 

arithn-ctic avora;f^o of t oijipcra tur c s ..loasurcd by t^;7o 

thernioc ou'plc 5 located on heat or- shell near vontilat 
ing air inlet, (one thcrniocouplc at c-xha\iGt .^as 
inlet,, the other at c:^hanst gas outlet), ^? • - 

aritaraetic average of t oi:3porat,ur cs noasu'rcd hy t^.70 
; :thorrao,coup.lcs- .lo.cat Ovd on heater shell near ve.ntilat 
in^T air out let (one thcr uo coupl.e at exhaust ^as 
inlet, the other at exhaust '-:as outlet), ^7 

arithinetic average of t o;jpora tur c s :.:canurcd hy tv/o- 
therr.io couple s located on horatcr shell, equidistant 
from ond.s (one thcrrioc oiiple on top, the other on 
th'e" bottom) , , . 

arithmetic averaf^c li i:-:od-mcan absolute temperature of 

either fluid = ^, in equation (11) only; 

h ■ 

other-7isc arithi-ietic average mi xcd.-rjoan; absolute 

T ■' + T 

^ . a 0. r • A - r\ 0-^ 
temperature of air = — ■ — — • -f 4oU, 

2 _ 

arithmetic a v e r a ^ e m i x e.d - m- e r. n a b solute t c p e r a t u r e 

of exhaust ^as ~ -— + .4.60,.. "^H 

. • a . - 

mixed-mean absolute temperature of fluid at entrance 
section (point l) , 

mixed-m.ean absolut-e t ompo.r'a't ur o of fl^iid at exit 
section (point* 2) , 



T^oQ iJ'^i^^ed-mean absolute temperature of fluid for isother- 
mal pressure drop tests, 

u-^, noan velocity of fluid, f t/scc 

U ovcr-^all unit tiicrnal conductance, Btu/hr ft''' 

UA over-all thermal conductance, 3tu/hr 

t o ta 1 over-all theri.al conductance' includinfr heater 
shell conductance, 3tu/hr 

W weight rate of fluid, Ib/hr 

■ t7Ci{^ht rate of air,, Ib/hr 

Wp. v;ci/^ht rate of exhaust r::as, Ih /hr 

7i wci^-^ht density of fluid at entrance to heating sec- 
tion (point 1), Ib/ft"^ 

Ap non-i s otherijal pressure drop alonp- heater, ll)/ft^' 

AP_ pressure drop alon/^ heater on v en t i la tincTc air side. 
Ib/ft^' 

Af pressure drop alon^- heater on ventilating^ air side, 
inches HoO 

Ap^. pressure drop alon.<> heater on erdiaust fas side, lb /ft 

AP*., pressure drop alon.^^ heater on exhaust gas side, 
inches H-0 

^•^DUCT i^-otheriual pressure drop alon^ inlet and outlet 
ducts di the air shroud, Ib/ft^ 

^•^HTR isothcrr.ial pressure drop alon^^ heater only, Ib/ft^ 

AFj. i so therual pressure drop alone; heater and ducts at 

'^^^ toupcrature T^^o^ Ib/ft^' 

^.g^ isothcr.;ial friction factor defined by ~= t a ^ ^ L ]hl 

y D 2s 

At' te.jpera tur e difference, 

^^lu l0;:;ar ithiviic r.ioan teuperature difference, 
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AT difiorencG between mixed-mean temperatures of venti- 



lit iag 'air -at -sections defined "by. points 1 a:id\:s 
T - T , 

AT^ difference "between mixed-mean temperatures of exhnust 
gas at sections def ined. by po int s 1 and. 2 



T - T 



viscosity of fluid-, l"b sec/ft 
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T mix.ed-mean. tempornture of ventilrting air at entrance 
section (point 1) 

mixed-mean temperature of ventilating air at exit 
' ^ section (point 2) , °F . 

T rnixed-nean t e-npera t ur u of exhaust gas at entrance 
^'^ section (point 1) / 

T . Liixe^d-me-n t enperatur c of ..exhaust ga.s at exit sec- 
^'^ tion (point 2) , -'J 



k 



k 



p.e Reyaolds nurn'osr 



G D 



•3 6 00 n, g 



r 

Re..^ Reynolds number = 



'^^ * . " 3600 ^ g 

EESCrilPTiO:! 01 STEVvAHT-Vf ARITEH 3L0TTSD-FIH HEATBS 
AND TSSTIZ^^Cr PHOCSDUHE 



The . St cv;ar t-V;arner s 1 o t t ed~f in , exhaus t .^as and ven- 
tilating air heat exchanger i s . a . cf o s sf 1 o--r- type heater. 
The slotted fins on the inner or exhaust gas side are 
placed longitudinally; whereas those on the o\iter or ven- 
tilating air side are placed c ir cumf er en t ially on the 
heater shell. There are 52 rows of fins on the air side 
of the heater and 80 rows on the exhaust gas side. Each 
row on the air side is cut at l/4-inch interva.ls so that 
there are 69 fins per row. On the exhaust gas side each 
row is slotted at 3/4-inch intervals, yielding 19 fins 
per rov/. The fins are constructed of 0,045-inch copper 
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and are s^po t-welddd to «?. ' s t ainl e s s steel shell. The fins 
on both sides of the- heater are 3/4 inch in length meas- 
•ared perpend i cu.1 arly to the shell. 

The f'irst air -shroud tested with the St ev/art-Warner 
heater was a diagonal- or serai-crossf low-typo shroud 
obtained" from the Ames Aeronautical Laboratory , Moffett 
Field, Galif." The inlet duct contained vanes which 
tended to direct the air over the heater at right angles, 
(See figs, 2 and '4.) Another air shroud (hereafter desig- 
nated as UC~2) v/as constructed with dimensions equivalent 
to those of the' Ames shroud, "but with full crossflbw char- 
acteristics. (See figs. 2 and 5.) A third air shroud 
(nereafter designated as UC-1) v/as constructed v/ith full 
crossflow characteristics, but v/ith a smaller clearance 
between'the heater shell and the shroud. 

In order to force the exhaust gas betv/een the longi- 
tudinr.l slotted fins, a central core was installed on the 
gas side of the heater. ('See figs. 2 and ,6.) 

The v/eight rates of exhaust gas and ventilating air 
v/ere obtained by means of calibrated square- edge orifices. 

The" exhaust ^'::as temperatures were measured at the 
inlet and the outlet of the heater by means of shielded 
traversing thermocouples. 

A mixing device was used at the exit of the natural 
gas furnace to given an approximately uniform, temperature 
distribution at the entrance to the heater. (The measured 
temperatiire distribution in degrees Fahrenheit v/as within 
±o percent of complete uniformity at the inlet end of the 
heat er . ) - ■ 

YiO miixihg device was used downstream from the heater 
on the exhaust gas side. The m.easured temperature distri- 
bution in degrees Pahronheit was thus within ±3 percent of 
complete uniformity, v/hich v/as reduced to ±lh percent v/hen 
the central core v/as installed because of the greater mix- 
ing encountered when the gas expanded into the outlet 
exhaust gas duct. (See reference 1 for a description of 
the test stand and its instrumentation.) 

For all shrouds, _the exhaust gas temperature traverses 
were ma,de at points 15 inches upstream and 24 inches dov/n- 
stre-am from the ends of the heater. 
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Tcimporprtur es of the vontila.t irij.; air Defcre and aft or 
passage through the heater v/ere determined fron traverses 
made yjltla unshielded th ermo c oupLe s . Huns -22 to 51 -vere 
made . wi th.o.ut . a . mix .d.evlce in .the ventilating -air out- 
^le.f duct ... For these runs, the . temperature • d-istrihut ion 
was'.'witiiin,, '+.9.. percent of complete unifprnity.. Fpr runs 
52. to. 123., a 3-inch diameter o-rif ice • was iUs tailed in: the 
'i5Vi,ncK^di.a]net or . outle-t^ air duct to cause hotter mixing of 
tlie- fluid thr ough. its sudden expans ion dOYmstream; from the 
or if Ic.e.f. . .The, temperature d i s t r itiTit i on thus obtained was 
withi.n ±2 percent, of complete unif'ormity. , 

Tor .th$ Anies . air shroud , tomperatur s traverses of the 
vent ilat ing' ai r were made at points 26' inches upstroan and 
50 inches downstream from the center lino of the heater.. 

The. heat loss.es to the surroundings were reduced to 
a negligible amount /by -^arrapping ^ tlie ducts with asbestos 
shoots. 

? ei;:poratur e s o.f the • heater siirf aces v^ere measured at 
six point by means of thorm.ocouples . One pair of thermo- 
couples . located on the heater shell near the ventilat- 
ing air' i nlet s icl e (one thermoc'ouple near the exhaust g.^s 
inlet, the other thermocouple , near the. exhaust gas". .out let) . 
The arithmetic average of tliese two t emper-\tur es is desig- 
nated a's . b^. A second .pair of thermocouple a v/aa located 
near the ventilatin>r: air out le t side (one t h.ermocouplo near 
the exhaust gas .inlet ,> 'the other near the exh.aus t • g-\s 
outlet). The arithriotic aver age .of thes ^ two temperatures 
is designated as , t-^. -The^third pair of thermocouples 
v/as located on the heater shell equidistant from '.the ends 
(one ther?nocouple on top, the other on the bottor:). The 
arithmetic .aver age , of. these two temperatures "is designated 
.as t^ . ( See i.ig. .2. ) 

Static pressure .drop measurement s" ^^rore'- nade^ across 
the vent ilat.in.g air and- exhaust gas sides -of the heater. 
Two taps, 180" apart, were ..ins tailed . at each- pressure-- 
meas.uring station. ?or all shrouds;, ti;e pressi-xre .taps on 
the e xhaust gas 's.ido w.ere placed on' the heather shedl ab.)ut 
2-| inches from the ends ;)f the heater. For the Ames shroud, 
the pressure tap.s on the v e n t i 1 a-t in :^ a.i.r s i d e vhor.e placed 
abi-^ut .12 inches upstr.eam and downstream from the center 
line of the heater; whereas, for the ,.UC-1 and ••UC'-2 shirouds , 
the pressure taps on the vent il.at in.^ air sides were placed 
in a 5-inch duct 30 inches upstream and downstre.^m from 
the center line of the 11 e t e r . 



Isothermal pressure drops along, the inlet and outlet 
air-r"shroud ducts were measured hy detaching these ducts, 
from the shroud and placing them together to obtain the 
total pressure drop across the tv/o ducts. The air shrouds 
UC-1 and UC-2 utilized the same' inlet and outlet ducts, 
V/hen the inlet and outlet ducts used on the Ames semi- 
crossilow shroud were placed together, a very sharply 
curved ^path for the air was formed, and the measured- pres- 
sure, drop for the ducts placed" in this manner was as large 
as the measured isothermal value across hoth; the ducts 
and the heater When used in the normal arrangement. A 
truer value of the pressure drops through the ducts calone 
was obtained by placing a " spac er " e qui val en t to the 
width of the air shroud between the. inlet and outlet 
ducts so that the ducts v/ere. in the same relative posi- 
tion for these tests and for those tests using both the 
air shroud and the heater. The pressure drop in. this 
"spo.cer" was negligible "(2 percent') compared with thcat 
across the converging and diverging, outlet and inlet air. 
due t s . 



C;iLCULATIO;TS 
Heat T.ransf er ' 

The thermal output of the • heat er • v/as determined by 
the enthalpy changes of the ventilating air: 

in w.'.iich Cp^ wps evaluated at the arithmetic average 

ventilating air temperature as a go od appr ox imat i on • A 
plot of q^^^ against w^ at constant values of exhaust 

gas rate V/p. and inlet teriperature t is shov/n in 

figures 7 to 12. 

On the exhaust gas side of the heater:' 

= v;,. Cp Jt - J ) (2) 

where c-^ is ev.aluated for air at the temperature .at 
the arithm.etic average exhaust gas temperature. 
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The over-all the.rnal conductance UA v;as evaluatod 
froni the. expression: 

' (1,. = (UA)At^,^ (3) 

The valu-e of At.,^^ for cross flow is .chosen as that for 
counterflov/ and then multiplied "by a correction fa.ctor, 
(See reference 2.) Inasmuch as this correct ion factor 
v/as"always v;ithin 1 percent of unity, the At^r; used in 
these calculations was taken to be that for counterflow 
of the I lui.ds . . 

** • ■ " 

A plot of UA as a function of the vent ilat ing .o.ir .. 
V/^ at constant values 
is sho-^n'in fi.^ures 13 to 18, 



rate V/^ at constant values of the exhaust gas rat.e 



The thernai. output cf the h t.^r • nay "be predicted v/hen- 
used at other values of At^^r. than those used in these 
tests by determining UA at the corresponding fluid weight 
rates from figures 13 to 18 and using these magnitudes in 
equation (3) with the new values of- At-j^n* 

Predictions of the magnitudes of the over-all thermal 
conductance UA v;ere attempted. The expression (reference 
3 , eg_uation (28) ) 

UA = 1 ' (4) 

1 N 1 ^ 



v/herc , ^; and j i— ' . are the effective therm;al 



VfcA/e. . A^^cV 



^a ■ ^ ^ ^ ^g 

resistances on the o,ir and exhaust gas sides of .the heater, 
respectively, was used. 

The effective thermal conductances, (f^A)^^^ and 

(fcA)^^, are obtained from^ equations (see reference 3 
for the derivation of equations (5) to (8)) 



and 
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c.. P 



& ^ (- . g . V k A g 6 

v^here 

A cross-soctionp.lareaofonefin 

therna,! conductivity of fin material evaluated at an 
average temperature 

P heat transfer per ineter of one fin 

L length; of one f in. measured perpendicularly to heater 
shell 



a 



total number of fins on air side of heater 



n total num.ber of fins on exhaust gas sido 

f^ unit thermal conduct ance along fins and along unfinned 
area A-^^ of heater 

yor the exhaust gas side f^ ^ is evaluated from the 
e quaf i on . •. . ^ 

0,8 

f^ = 5,56.x lO"" m 0 , 2 96 (r;>j 

S ^ ' D 0 . 2 

g 

whore 

Tg rrithmetic average absolute ter;perature 

^ exhaust g,as weight rate per unit c r o s s- s e c t i ona 1 area 

Dg hydraulic diameter of space (channel) betvreen rows of 
fins on exhau^pt gas side 

Because the slots on the exhaust gas side v;ere narrov;, 
their effect on the fluid flow and unit thermal conductance 
was neglected and f^ was calculated by means of e equation 

(7) , v/hich is based upon flow in pipes and channels v/here 
the characteristic dimension is the hydraulic diameter. 

, On the. air side, the circumferential fins were slotted 
at 1/4-inch intervals. The Reynolds number using the 
perimeter P of the fin as the significant dimension 

Hop = Q-^' varies from 10,000 to 25,000, so that the 

3600 ^ g 
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touiidary Ir.jTQ.r -over ec?.ch fin may "bo laminar* for a con- 
siderable length along. the fin* The f^^^ for the Jar.inar 
regino is then evaluated from equation (6) of reference 5: 

^c..= 0.U3.»-(Vr^ (B) 

but since o600 V = & 

f, = 1,87 X 10-^ T^'^ f £ V'"' (9) 

... . \ L 7 

jT^r this heater, L is 1/4 inch on the 'vent i lat i.ng air 
side. The magnitude of the unit thermal conductance f^.^ 
;ilonf: the unfinned "base areas "between the ro^/s of fins 
is probably not 'the same as. .that alon^^ the fins. 

1 1 the fc along., the unfinned base areas is calcu- 
lated on the: basis, of the hydraulic diameter of the chan- 
nel between the rovs of fins, its val\ie is found to be 
about one-half that of . f^^^ calculated for laminar flow 
over the fins. The heat transfer • along this unfinned 
area, is thus about 10 percent of the total when the f^.^ 
based on hydraulic diameter is used and is about 17 per- 
cent" of' the "total when the fc^ based on lar.inar flow over 
the fins is used. The heat ' transf er from the unfinned 
area therefore need not be accurately knov/n. The actual 
value of f-^ is probably between the tv.ro mentioned. 



Pressure Drop 

Measurements of the static pressure drops across the 
air and exhaust gas sides of the heat ^ere made for iso- 
thermal APn ^^d non-isothermial conditions AP. .'ilso, 
i s 0 

-pressure drops were determined for the air inlet and cut- 
let ducts alon'£; under isothermal conditions. The measured 
pressure drops on the exhaust fasside did not include the 
losses in" the ductin,:; so ^^Tiso ^^HTE ^^^-^^'^ ^-HTR 
is the pressure dr'cp calong the heat-er , alone . 



*The results of K. •Morris and W. 'A. Sp^^fford (reference 
4) indicate that the boundary .lay er. over ^^roups of flat 
plates and cylindrical fins is^laminar for Ho^< 20,000. 
Equations (8) and (9) are e qui valent t o . e quat i on (1) of 
referenoe 4. 
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Per the exhaust gas, side the expression 

Y ■ D 2g 

was used to deternine the dinens ionless modulus, 



(^iso 



•^USO 3y = 2 g Y,r-^^3 ■ (10) 

V3B00y 

For the ventilating air side, ■ 



thus 



V3 6'ooy 

The pressure dr::ps thr?Ue;h the ducts on the air side 

for the three air shrouds ?.nd the modulus ftiso ) f ^r 

the exhp.ust gas and r^.ir si"dos of the. heater are tabul^.ted 
in tallies VII and" VIII. 

The" non-isothermal pressure drop of either fluid 
throU:?:h the heat exchanger :was 'predicted fro.^ isothermal 
neasuremont s hy neans of equation (5) of reference 1, 



^^^^ VTi,^ / Vsecoy 7 g Vti / ^ ^ 



wner e 



APj. , total n-ea.sured isotherm'al pressure drop due to 
■^^^ friction at temperature 



. s 0 



14 



Ti .?.nd Tj, nixed-ner.n absolute temperatures of fluid 
■it iuLetr ani- ejcit pf h'e.ater,. Tespt^ct ivcij'^ . 

arithnetic average of Ti and T.g . 

C- fluid ilovr per unit cro s s- s ec t ibnal area, 

7i uni t_vreight • of flui;d at inlet" ta -ii^atWr' evKluatbd at 
t enpcr atur e Ti 

A conp'-ri son of ■nrerrsur evd" .:?.nd . predicted non-iso thorr.al 
pressure drops t hr j'ugh' bdt h sides' if the heater is pre- 
sented in tables IX and X and is shown graphically in fig- 
ures 19 to 23. 

Heat transfer .and :pr.es sure drop data for the Stewart- 
VJarner heater are presented' in tables I .•and II for the 
tests using the Anes arr shroud, in tables III and I"^.^ f-^^r 
those using the UC-1 air shroud, and in tables V and YI 
for those using the UC*-2 air shroud. .'.^r.- 



DISCUSSION 07 RESULTS .Q.jVT THE ST3V/AHT-V/AHI^TEH HEATEH* 



The enthalpy change of the ventilating air was used 
to doternine the thermal output o f .the . heat er , f:r these 
heasur enent s v/ero nore accurate than those oji the exhaust 
gas side of the heater. The arithinetic average heat bal- 
ance ratio (lo-l ^r, ''^ -'^'ll tests was 0,78. It c-'ui be 
shown .that a l~peroent error in the determination of 
either exhaust gas t er:per-iture t,, 1400'^' E n'\y cause a 
20-percent error' in the -"t .oiiperature chaitge of "the exhaust 
gas. The low heat balance r at i ? s . obt in-ed. in . t he s e tests 
F.ay'be due to this error in neasurenent ; they also m-c^y ..b'e 
due to incomplete combustion of the exh-ust ^>ases. 

Three, air shroud^ i-z.-ere used in these tQsts. 

1. Semi-- or d i agdnal-c r o s s f 1 ov/ shroud (designated 

as Ames air shroud) . Clearance, between heater 
shell and air shroud is 1-^-^ inches. 



See also report by R, A- Kepner and A. R. Collins (refer- 
ence 6) on results of tests performed on similar heaters 
in the He.^.ter Laboratory of 'tlie. S t ewar*t-Warner Co. , Chicago. 
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2. Fu.ll crps-sflov; shroud (designated as . UC-2 air 

shroud). Clearance "between heater shell and 
air shroud is 1^ inches (same as Ames air 
shr oud ) . 

5. ?ull crossflow shroud (designated as UC-l air 

shroud). Clearance between heater, shell and 
•air .shroud is 1 inch. 

Thus a comparison of the* results obtained when using 
the Ames s em i - c r p s s f 1 ow and the UC-S full crossflow air 
shrouds, w.ill reveal the effect, on the heat transfer rate 
and the pressure drop, of the., direc t i on or manner in which 
the ventilating air is conducted across the .heater, since 
all. phy.sical' dimensions we.re identical for these two air 
shrouds. A comparison of the results obtained when using 
the air shrouds UC-l ' and TJC-2 will reveal the effect, on 
the pressure . drop and the rate of heat transfer, of do- 
creasinvg the cross-sectional area on the. vent ilat in^^ air 
side of the heater. " ' 

During the preliminary tests- of the heater, it was 
discovered tha.t the rate of heat transfer was . inappre-.,. . 
c'iably affected by an incr.ease of the exh^^ust gas rate 

from 6000 to 7500 pounds per hour. ( Se e ' f i^-;ur.e .7.) 
This was an indication that the exhaust gases were parsing 
through the ce.nter of the heater and no t.'ibhr ou.^h the chan^ 
nols between the rows of fins. In order to ameliorate 
this effect, a central, core was installed in the exhaust 
gas side of the^ heater which forced the gases to fl.ovr • 
through the chann.'els between the rows of fins, The meias- 
ured rates of heat transfer were thus increased and var-ied 
appreciably when the exhaus t. • gas weight rate • ¥ • was -in- 
creased from 6100 to 7100 pounds per hour, (See. fi^^/sO 

■ A comparison of figures 13, 15, and 17 reveals that, 
for the heater without the central core in the exhaust- 
gas side, the over-all' thermal conductance UA. .'^t = 
4000 pounds per. hour and- = 6900 pounds per- hour was 

about 137 Btu/hr usin/£: tr.e Ames air shroud, 142 3tu/hr 
using the UC-l" air • shroud., and 12S 3tu/hr ^7 usin^- the UC-2 
air shroud, ^ 

Since th e • cr o s s-s ec t i onal areas- and other dimensions 
were the same for the Ames s em i- c r o s s f 1 ow shroud and the 
UC-2 full-crossf low shroud,, the increase of 9 Btu/hr 
when using the Ame-s shroud must , have been due to the • 
greater air turbulence, sinci^- the air probably flowed 
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diagonally across the rov/s of slotted fins and not 
directly "between the fins as with the UC-2 shroud. 

The increase of 14 3tu/hr ^7 when using the UC-1 
shroud .over the result obtained v/hen using the UG--2 
shroud was ..due to. the decreased c r o s s - s ec t i onal area of 
the former (1-in. clearance between heater shell and 
shroud as against i:j^-in. c 1 ear anc e ) ^ s inc e all other 
dimensions and physical characteristics were identical 
for the tv/o UC air. shrouds. . - 

The greater over-all thermal conductance obtained 
in the runs using the UC--1 air shroud as compared to 
the runs using, .the Ames air shroud was due to the 
decreased cro.ss-secti.onal area of the former',- a factor;' 
which outv.^eighed the tur bul-enc e-f orm ing char-ac t e r i s t i cs 
of the diagonal- or- semi-crossf low Ames shroud. This 
gr.eator heat transfer rate when us ing. the' small er , but 
f ull-cr ossf low , UC-1. shroud was obtained with a" much 
smaller static pressure drop. 

The measured isothermal pressure drop along the ;-.ir 
side of the heater (inlet- and outlet air-duct losses sub- 
tracted) at an air rate of 5000 pounds per hgur vfas 13.4 
pounds per square f.'.ot (2.40 in. of water) using the Ames 
s emi-cr 0 s sf 1 ov/ shroud, 5.45 pounds per' square foot (1.05 
in.' of water) for the UC-2 shroud, and 8.45 pounds per 
square foot ( 1. 6o in. of v/ater) for the UO~i air shroud. 

Thiis more than double the pressure drop is encoun- 
tered when the ventilating air is not causc^d to flow 
directly along the space between the fins, but is allowed 
to flow somewhat diagonally across the rov;s of firis (of. 
pressure drops using Ames and UC-2 air shrouds (figs. 19 
and 21 ). 

The ^pressure dro.p was decreased to about 70 percent 
of the measured value for the Ames shroud by using the 
UC~1' shroud, which v;as fully crossflow but had an even 
smaller c r o s s - s e c t i ona 1 area. (See figs. 19 and 20-) 

It can be said\ therefore, that, the increase of the 
thermal conductance due to the^. greater turbulence along 
the slotted fins when using the diagonal crossflov; shroud 
is miOre than counterbalanced when using the full cross- 
flov; shroud by decreasing the air side clearance from l^g- 
inches to 1 inch. The isothermal and non-i so thermal pros 
sure drops for the latter clearance are only about 70 per 
cent of the v.rlue for the diagonal crossflow shroud. 
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This large increr.sed pressure drop f :r the semi- 
crosGfl^v/ shroTid would not be f?und vhen this shroud is 
used on other types of heaters, such as pin-fin heaters; 
althoiigh it v/^-^uld "be experienced when it is used on all 
heat exchangers witj. c ir cur.f or ent ial ^ continuous :r scmi- 
continu.ous (slotted) fins. Because the air is deflected 
to flov: over the heater, the pressure dr in the inlet 
and outlet ducts is about 40 percent of the total pres- 
sure drop with the heater installed. This -pres sure drop 
through the ducts of the Ar/.es shroud v/as as n\ich as the 
total pressure drop along the ducts and across the heater 
when the UC-2 shroud v/as used. The pressure dr:p through 
the inlet and outlet ducts v/a3,v;ith the heater installed, 
about 20 percent of the total drop usinj the UG-2 shroud 
and about 14 percent u.sing the UC~1 shroud. 

3 . 

When the central core (diam. 2-^ in.) v^as placed in 
the exhaust -gas side of the heater, the net c r o s s - s ec t i onal 
area v/as decrvjased by 15 percent. Thus the over-all ther- 
mal conductance, w ith the central core installed (see figs. 
14, 16, and 18), for Wa = 4000 pounds per hour and V/^ = 
6300 pounds per hour v;as about 153 Btu/hr for the runs 
with the seni-cr ossf low shroud, 157 Etu/hr '^Y using the 
UC-1 shroud, and 140 Etu/hr ^IP using the UC-2 shroud. 
These results are about 9 to 12 percent higher than those 
obtained without the central core installed, ov/ing to the 

v; 

increased value of G- = in the space betv/een the fins 

ar 6 a 

on the exhaust ^:as side of the heater. This roL^ult was 
brovight about both by decreasing the net c r .) s s - s ec t i onal 
are.a of flow a^nd by forcing the gr- s to flov; through the 
spaces between the fins rather than through the open cen- 
tral space. 

The increase in UA due only to the decrease in the 
net cross-sectional area (ircreaned G) vras calculated 
to be 5 t -.) 6 percent; thus the ronainder of the 9 to 12 
percent increase in UA reported above nust have been due 
to forcing the exhaust gases to flow through the spaces 
b e t w e e n t h e f i n s . 

The incre:ise in UA by use of the central core 
would have been riuch greater at higher exhaust gas rates 
(say 7500 Ib/hr) than the increase reported above for 
V7g = 6900 pounds per hour. An inspection jf figure 13 
reveals that when the central core was not used UA did 
not change appreciably when was increased fron 6000 
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to 7500 pounds per hour, but the use of the Cc^ntral core 
partially remedied this condition. (See fi,--:. 14.*) 

The use of the central core doiiblod the static pres- 
sure drop on the exhaust ^;as side of tlie heater. At an 
exhaust gas rate of 60C0 x^-'^'^^s per hour, the isothermal 
pressure drop increased from about 10 pounds p'e'r s qua re 
foot (1.93 in. of water) to about 20 pounds per square 
foot (3.34 in. of water). The increase in the isothermal 
pressure drop due merely to the decreased net cross- 
sectional area (increased G-) v/ould have been only about 
40 percent or 4 pounds per square foot' (0.77 in. of v^ater). 
Thus the remainder of the 10 pounds per square foot urey- 
sure drop increase resulting from use of the central core 
was due to the increased flow in the channels or spacoo 
between the rows of slotted fins. The measured and -pre^ 
dieted non-i s o the rma l pressure drops were v.lso about tv/ice 
as lar^e v./hen the central core was used. CCf. fi^-zs. 22 and 
23.) 

The arithmetic averai:7;e of all the slopes of the AF 
against W curves (fig^. 19 to 23) is 1.79. This v.:.lue 
of the exponent is to be expected, for the isothermal 
f ric t ional pressure drop is proportional to biso ''^ 
because tiso* the isothermal friction factor, is propor- 
tional to W-^-s (P^^^_^ ,;o He""^-^) for the turbulent regime, 
thus the static jjressure crop /.\p is proportional to 7^2.0-0.2 
■jj^ Y^ri.PO^ Hov;ever, the pressure drop on the air side of 
the heater usxn^ the s emi -cr 0 s s f 1 ow shroTid is due not en- 
tirely to friction but partly to eddy and v/ake-f 0 rmat i on 
losses. 

An inspection of the pressure drop pl:.ts revea^ls 
that, for the air side of the heater, the slope of the 
non-isotherrnal pressure drop curve is less than that of 
the isothermal curve. It c;n be shov/n that, for the 
vent ilatin^-air side the slope of the n on- i s 0 therm. ,1 1 
curve must be less than the isotherm.al one, because the 
formier is a higher value (the temperature of the air is 
hi^^jher) and must coincide with the isothermal value at 



*The effect due to the use of the central core is not 
shDwn as clearly by the results from tests usin^^ the UC-1 
and '^0-2 air shrouds; since the highest values of exhaust 
go-s rate, v/here the effect vxould h-ave been most noticeable 
v/ere not attainable, owin^r to the additional resistance 
caused by the presence f the core. 
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an infinite air rate, for w hi c h c o nd i t i on the temperature 
rise of the air would 1-^e zero (T. = = To i.e.. 

if!o thermal) . (3ee fi£^s. 1"-, PO, and 



For the exhaust gas side, th-3 non-i? otherjnal curve 
should have a greater^ si 0T;e than the isothermal curve 
hecause the exhaust ^^as is cooled. The last term in 
equation (11) is ne^rative for the caie of a fluid hein^ 
cooled and is less negative at high fluid rates, for the 
change in fluid temperature is then less. Also the first 
term on the right side of eouation (11) is slightly- 
higher for high fluid ratss, since the is greater 
(fluid dnes not cool as much at h: rh fluid rates for the 
same heat transfer rate as at lo^-' fluid rates). Thus the 
comhination of a term vhich increas-^s v/ith fluid rate 
and another term vdiich "becomes less n-~-g^^'tive at high 
fluid rates yields a sum which increases with the fluid 
rate, and therefore the slope of the non-i sothermal pres- 
sure drcT) curve vould ce greater than that of the iso- 
thermal curve. (Sf-e figs. ?2 and 23.) 

Tne calculated values of / t . ^ - • do n->t indicate ^•^.rv 

specific corrtlaticn of the res-'jlts oht--:ined v-ith the dif- 
ferent air shrouds and on "both sides of th-'=^- heater. (See 
tahles VII and VIII. ) 

On the exhaust gas side, the value of ^.^^ could he 
predicted within 8 to 30 percent ^oy means of the friction 
factor against Beynolds number relation for commercial 
pipes, evaluating Re .ror tht- channel or s-oace between the 
fins. (See ref^renc3 3, fig. 7.) 

It is very difficult to predict the magnitude of 
Mso flow along the narrow fins on the ventilat- 

ing air side of the heater. 

The agreement het-veen the measured and predicted non- 
i-^othermal pressure drops along the exhaust ges side of 
the heater is very good. The corr es--;ondin^r agreement for 
the air side is not so good sinc^ the pressure drop over 
the n:v!,rrow fins on the air side is due, to a great extent, 
to causes other than fraction (i.e., eddy and wake-f ormn- ' 
tion losses) especially for the Ames 3 emi- cr 0 s sf 1 ow shroud. 
The value of ^Pm^^^ which is to he substituted in 



equa- 



tion (11) to obtain thf-^ pr'^dicted l^rictional n 0 n- i s 0 1 her mal 
pressure drop should be that due to friction alone. 
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The o.vera.^e heater surfaca tempem.ture on the side 
of the he^.ter v/hero the ventilating nir entered was ::/Dont 
750'^ v/hereas that near the vont ilat in,'^ air outlet vas 
about 1000''^ P. T'he temperature of the heater-shell sur- 
face rt a point in t erni e di at e betvreen the entrance and 
exit air openin^-s v/as lower in most runs than that at the 
air entrance or exit, This result is questionable, for 
the lovrest temperature sliould be found near the point 
where the cool air impinges on the hea,ter (i.e., near the 
ventilating air inlet). The t her:: ocouple lead-in v/ires 
v;ero conducted throu-^h the ventilatin.^ air stream and 
although they v;ere thermally insxilated some error in the 
tem^per^^ tur e measurem.ent wa?. to be expected because of 
the "cooling effect'^ cf the air on the le-^d-in v/ires. 

The predicted nav-in i t ude ^: of UA were about 80 per- 
cent above those derived from laboratory measurements. 
This discrepancy v;as probably due to the follov/inr^^ tv;o 
reasons : 

1. The value of the >;oi::^'ht rate per unit r.rea G- of 
either fluid calculated from the total wei.;;ht rate and 
the- net cross-sect ional. area probably did not obtain in 
the restricted channels between the rov/s ^^i fi'is, Tlie 
actual fluid velocities along the fins or channels were 
smaller than those in the center of the fluid passages. 

2. The external and internal fins were not placed 
in intimate contact ^'ith the heater shell. Only rn area 
of about one-half the toto.l c r o s c - s e c t i onal area of the 
fins was v/elded to the heo.ter shell by means of small 
spot welds* The spot welds vrhich were in direct contact 
with the base m.etal were placed on the average at approx- 
imately 3/4-inch intervals along the base of the fins. 
The area v/hich v•^as not spot-welded cjuld have been ino\i- 
lated from the base by a small gas film, or scale. (ooe 
appendix. ) 

This condition moy cause failure o^iin^ to o::cossive 
local temperatures on the ;s:;as side v/hen used in an actual 
a i r c r af t i n s t a 1 1 t i o n . 

If the heater wore constructed without fins but oper- 
ated so that the same values of f^ v/ere obtained as were 
found alon.p; the fins, the m^a^^nitude "^f UA at V/^^, = 
5000 pounds per hjur and \J ^ ^ 4490 pounds per hour v/ould 
be 47 Btu/hr ^I. The measured UA frr the finned heater 
(using UC-1 shroud and central c':'re) was 144 Btu/hr ^J; 
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whereas the predicted value \jas .262 Btu/hr, Hence the 

nia:^nitude of> UA • was incr eased "Q? 3tu/hr by the addi- 

t i on . Q.f .the f ins ,, hut an i n c r ease of about 2 1 5 ' Btu/hr F 

could, "be .p;^ta'ined by a more perfect fusin^^ of the fins to 

the he^.ter sjhell. : 

- , The. correct ion to th-o- 0 qua t ions for evaluating the : 
unit. thermal conductance f^ due to the variation of f^ 
near the inl-e.t- to a'pipe, channel, or space between adja- 
cent, fins ( 3oe reference 7) is nec^li^ible in the computa- 
tion. of the f c for this heater. On the exhaust gas sid 
the rr.tio of the hydraulic diair.et er of the channel or 
space between the . slotted f ins to the len^^th of the chan- 
nel (i.e., B/l) is 0.023; and, since the ...c 0 rr e c t i Oxi to-' 
equation (7) for this "D/L effect is t he- mul t ipl i or • 
1+1.1 d/L, the .corrected f^ would be only about 3 
percent r^reater than that computed by means of ecua.tion 
(7) as written' above. 

On. the- yen-f'ilaring air side the fins are so narrow 
(i/4. in.) that, the. boundary layers along these fins are • 
probably laminar-, and equation (9) applies without the 
correction factor. mentioned. 



•COriGLUSIOKS 



1. The ra:te of- heat transfer of the St ev/ar t-V;arnor 
slotted-fin heater utilizing three^ different air 
shrouds was nearly the same for each (about a 10 percent 
difference between the semi- and the full-crossf low. air 
shrouds ) • 

2. The static pressure drops through the air side of 
the heater were greatly affected by use of the three air 
shrouds* The semi-cros sf low shroud caused twice the 
pressure drop measured along the similar butfull- 
crossflow shroud. The pr e s sur e ^dr pp was greater for the 
semi-crossflow .shroud because of ^the pressure losses in 
the angular inlet and outlet ducts and also because the 
air was not completely deflected so that it flowed over 
the heater at right angles ( i . e . , betw.een . the rows of fins 
but was allowed to flow somewhat diagonally acro;ss 'the 
rows of fins. ^ 



3, The- th-ermal effectiveness of the c opper- s 1 0 1 1 ed 
fins used on this heater "was considerably reduced by two 
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factors. Jirstj.the fluids did not flov/ in the spaces 
"between the fins but, for the most part, flov/ed* throu^Ji 
the open parts of " the exhaust gas and ven-tilating air 
passages. Socondly, the thermal resistance to heat 
transfer was greatly increased, ov/ing to ^the limited con- 
tact ' area "be twe en the slotted fins and the heater shells 
It would be advantageous to use a smaller number of more 
perfectly attached fins and thus obtain equivalent heat 
transfer rates but with considerably less pressure drop 
as v/ell as .effect a grea.t- sa,ving in the vreight of the 
f inned . heat er . There also would be loss danger of over- 
heating Lome. metal surfaces, such as the tips of the fins 
on the exhaust gas side^.for the. rata of heat transfer 
through a well-attached fin would 'be greater and its tem- 
perature would bo correspondingly lov/er . ' 

4, An attempt was made to force the exhaiist gas to 
flov/ in the space between the fins instead o.f. through, 
the open central passage by installing a "central core" 
in this side of the heater^ Without the use of this cen- 
tral core a considerable variation of high mangitudes pf 
exhaust gas weight rates did not cause an appreciable 
change in the rate of heat transfer. The use of the cent 
tral core, however, forced the exhaust gas to flow along 
the slotted fins and, together with the increase in 
exhaust gas rate per unit of cross-sectional area, caused 
the heat transfer r;:,te to increase. The static pressixre 
drop, however, was increased at a greater rate. 



University of California-, . 
Berkeley 5 Cal if, 

APPEFDIX 



The . following method was u::^ed to predict the ar!.di-. 
tional thermal resistance through thd heater, owing to 
the imperfect contact between the slotted fins and the 
heater shell. 

This additional- thermal r e s i s t anc e c on s i 3 t e d of 
three part s : 

1. Thermal resistanoa from base of copper fins on 

exhaust gas side. to point of spot weld 
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2. Thermal resistance through Inconol heater shell 
at point of spot weld 

o. Therma.l resistance from sp6t weld to "base of 

copper fins on ventilating air side of heater 

By means of a thermal flux plot (reference 8) the 
ma.^nitudes of the first and third above-mentioned resist- 
ances were estimated to be 0.38 x 10~^ ^? hr/Btu. 

The second ' thermal resistance (through the spot weld 
in the Inconel shell) was evaluated from the expression 

^ ^ -^^s. ^spot-v;eld 1 



At Lg resistance 

The total area, ^^j^ot-^i'ieldi' v/hich was spot-welded (assum- 
ing one spot weld of 3/l6-in. diam. per 3/4 in. measured 
along the fin base) was 0.153 square f o;-^t , the thermal 
conductivity kg of Inconel was taken to be 15 Btu/hr ft^ 
(■^?/ft), and the thickness of Inconel shell was 0.047 

inch. Thus . 

Eesistance = = 2lJ^ ! = ,,,o . lO"^ 

-"^s •'^spot-weld ^ 0.153 3tu 

The s.um of the three thermal rosistance was then 
(1.70 + 0. 38). 10-^ = 2.03 X 10"^ °? hr/Btu = Rtotal- 
over-all thermnl conductanco UA w-s then ohtained from 

. W/total " VfcA/e^^^ VfcA/e_ ^ 

/ 1 ^ /' 1 \ 

but : ' + ^ v/as the reciprocal of the over- 

all conductance UA previously computed, which neglected 
the additional resistances through the base of the fins 
and the heater shell. As mentioned under Discussion, the 
magnitude of UA at V/^' = 5000 pounds per hour and \l ^ = 

4490 pounds 'pe r ' hour was calculated to be '26'3 3tu/hr 
Thus, 



/l^ /1\ 1 1 -3„ 
I T-T ; ^ = — = = 3.82 X 10 °F hr/Btu 
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Theref ere ,, . ■ , , ■ 

— 'i = ("3.82 + 2.03) 10"^ = 5.90 x 10"^ °F hr/3tu 

cr 

. ^'^^^otal = 1^°- 3tu/hr;0? 

The nae-nitude of UA for this heater derived from 
laboratory measursmeut s v/as •144'' 3tu/hr . 

At a lov/er air rate ^.f^ :r. 2000 Ib/hr the predicted 
(UA)^(^^g]_ v/a^i 148 3tu/hr by the method -ibove , and the 
value derived from, laboratory data, v/as 116 Btu/hr 

Although the method, indicated reveals that the re- 
sistance of the shell at the spot v/eld is one of the deter- 
mina,tive resistances, it cannot be used ".for prediction of 
the characteristics of this heater. This is due to the 
fact that the assumptions wi'th respect to .the dimensions 
and the distribution of the spot welds vrere obtained by 
"examination of tvo or three rows of .fin.s on tho inside 
and outside of the heater. Also, it v/as assumed that the 
heater shell and fins v/ere in contact only at the spot v;elds, 

These assumptions cannot be general i zed, and ha.nce the 
method is of -linit-jd. utility for prediction of the thermal 
characteristics oft'his herter or others of a similar tyrje. 
Exact knovfledge of the diraensions and the number of the 
spot V'7.eldo is necessa.ry for accurate pr.ed.ic t i on , but that 
can bo obtained only by d o s t.r oy i?: ^. th-o heater. 

Even" if it were possiblrj to obtain the necessary 
data for prediction of th-?. resistance of the spot-welded 
shell, calculations of the- thermal output would still be 
im.peded by a lack of knowledge of the t ri io veight rate 
per unit of c ro s s - s ec t i onal area Cr of the ventilating 
air or exhaust {^as along the spaces (or channels) between 
th.e. rows of f-ins. 



The. authors' v/ish to exp^ress appreciation to the fol- 
lowing persons who helped obtain .oxpe r imeu t, al . dat a or • 
prepare this r epo r t ; ; Ke s s r s • S. L. Spordeliis, D. H.- 
Ferguson, K. e/ McLaughlin, T. Howe, A. G-. Ouibort, 

and H» G-» Dennison. 
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I.- STEWART - WARNER *l SLOTTED-FIN TYPE HEATER 
AMES AIR -SHROUD CENTRAL CORE NOT IN GAS SIDE 



AIR SIDE ► — EXHAUS 

Run Ta, Ta, LTo. Wa LPo, <^o Tg, Tg, ATg 
«F op op p Inches op op op 
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201 


2S60 




/2S 


I4IS 


732S 


90 


23 


100 


263 


163 


3S/0 


6.97 


138 


/437 


I32S 


112 


24 


^6 


239 


144 


4IQ0 


d.60 


/46 


1420 


/3/£ 


106 


2S 


97 


22S 


126 


4900 


/2.6 


IS2 


1437 


7303 


734 


26 


9S 


2/2 


117 


S6S0 


/6.9 


J60 


/424 


7308 


//6 


27 


96 


226 


132 


56S0 


160 


/ao 


/4/9 


1338 


8/ 


28 


37 


246 


IS/ 


4920 


13./ 


180 


/4SS 


/3S6 


39 


29 


97 


2SS 


/S8 


4/80 


10/ 


760 


1446 


/3S6 


90 


30 


97 


262 


/8S 


3S/0 


6.S7 


IS7 


1464 


/373 


S/ 


31 


97 


^22 


22S 


2600 


4.49 


141 


1428 


/377 


SI 


32 


no 


^33 


223 


2620 


48S 


14/ 


14/S 


I36& 


47 


33 


113 


296 


/6S 


3490 


70S 


/S6 


/433 


738/ 


S2 


34- 


I04 


272 


/66 


4230 


/0.6 


172 


/4// 


7343 


66 


3S 


JOS 


2-54 


/46 


4900 


/3.Z 


/73 


1407 


7343 


64 


36 


106 




137 


5700 


/6,S 


/89 


747/ 


/343 


68 



-GAS SIDE HEATER TEMPS. PERFORMANCE 



Wg 




%^ 




ta 


tb tc 




CUA) 


lbs 
hr 


Inches 


K6ta 
hr 




op op 




Btu. 
HrOf= 


4230 


- 

3.70 


/OS 


084 


TEMPERATURES 


1170 


107 


4260 


3.7S 


132 


0.96 




NOT 
MEASURED 


1200 


//S 


4280 


3.7S 


IB7 


0.87 






/200 


722 


4260 


37S 


/sa 


704 






I20S 


726 


4280 


3.70 


/37 


0.66 






12/0 


732 


S96S 


620 


/33 


0.74 






/220 


747 


S96S 


6.2s 


763 


0.90 






7230 


746 


S96S 


6.2s 


748 


0.92 






I22S 


737 


S9/S 


630 


746 


0.94 






/22s 


728 


S97S 


6.40 


83.0 


0.59 






//9S 


7/8 


7010 


6.80 


90.S 


0 64- 






1/70 


720 


702O 


8.60 


700 


0.6 4 






/200 


730 


70/0 


8.6S 


73/ 


0 76 






1/90 


/44- 


7020 


8.70 


/24 


072 






//9S 


/4S 


69S0 


8.60 


730 


069 






/200 


7S8 



(CONTINUED) > 

TABLE I- STEWART - WARNER ^1 SLOTTED-FIN TYPE HEATER > 
AMES AIR -SHROUD CENTRAL CORE NOT IN GAS SIDE 

OVERALL 

^ AIR SIDE EXHAUST- GAS SIDE HEATER TEMPS. PERFORMANCE 

Run Ta. Ta, AT. Wa APa Tg. Tg, AT^ Wg AP^ C^, ^ ta U tc At^ CUA) 

No. T ir h'o' T ^'F ^F ^"'^^^ KBtu ^ op op op op Btu 



37 


/i74 


242 


/38 


S600 


IS. 6 


/87 


1398 


/299 


99 


7S30 930 


20S 


/ID 


TEMPERATURES 


II7S 


/S9 


J5 


/<94 


2S4 


/SO 


4960 


13.2 


/8I 


1403 


/29/ 


//2 


7S30 9.3S 


232 


1.28 


NOT 


/I70 


/SS 






266 


/62 


4/0 


9.7S 161 


/390 


I29S 


9S 


7S30 9.SO 


197 


1.22 


MEASURED 


//60 


739 


40 


/t74 


282 


/78 


3460 


7.40 


149 


/394 


/308 


86 


7S90 9 SO 


179 


/20 




//SS 


/29 


4/ 


/OS 


33S 


230 


2460 


4.31 


/3Q 


/394 


/3/6 


76 


7S90 9.70 


/63 


/./6 




//30 


/22 


44 


S2 


2// 


119 


S6S0 


IS.3 


162 


1433 


/304 


/29 


4330 3.40 


/S4 


0.9S 




12/0 


/34- 


4J- 


S>0 


226 


136 


SSSO 


16.4 


/8S 


1426 


/360 


6a 


6O60 6.70 


114 


0.62 




1230 


/SO 


45 


30 


223 


133 


sseo 


IS.8 


/79 


/403 


132/ 


8/ 


6970 860 


/SS 


0.67 




/20S 


/48 


47 


es> 


226 


/36 


S640 


IS. 7 


I8S 


/420 


/33e 


62 


7S80 9.80 


17/ 


092 




/220 


/S2 



ro 



TABLE H.- STEWART - WARNER *l SLOTTED-FIN TYPE HEATER g 
AMES AIR - SHROUD CENTRAL CORE IN GAS SIDE 

OVERALL 

AIR SIDE EXHAUST -GAS SIDE HEATER TEMPS. PERFORMANCE 

Run Ta. Ta^ ATo. Wa APa % Tg. ATg Wg AP^ U U U At^ (UA) 

., op M Inches KBta op op op M lUtii op op op op Sta 





-9(5 




IS4 


S800 


ISA 


2/6 


1437 


/330 


107 


6680 


/60 


203 


0.94 


TEMPERATURES 
NOT 

MEASURED 


J2IS 


176 


49D 


S><9 




/60 


49J0 


13.0 


192 


1442 


1373 


69 


6660 


/6/ 


130 


0.66 


I230 


IS6 


SOD 


SS 




191 


4220 


10.2 


/9S 


/4-26 


/37J 


SS 


6880 


/6.I 


104 


0.S3 




1206 


/62 


JID 


-9<3 




222 


J020 


6.03 


/62 


J426 


/38I 


47 


6920 


/6.3 


69.4 


0.66 




1200 


/3S 



S2D 


89 


266 


176 


4600 


6.96 


/96 


/424 


7364 


60 


7IIO 


/6.3 


1/7 


0.60 


I2IO 


762 


S3D 


86 


293 


20S 


3770 


4.70 


167 


14.34 


1390 


43 


7/20 


/6.9 


840 


0.46 


/220 


/S3 


S4D 


87 


327 


240 


2830 


3.14 


764 


1424 


/366 


66 


6870 


/7/ 


/06 


0.66 


/240 


/32 


SSD 


83 


249 


/66 


4600 


6.8S 


/8S 


/424 


7334 


90 


6/60 


/3.8 


/63 


0.83 


72/6 


/S2 


S6D 


83 


277 


194 


3790 


4.67 


176 


1426 /347 


ei 


SO90 


/3.8 


/36 


0.76 


/20S 


146 


67D 


88 


322 


234 


2760 


2SJ 


IS7 


1424 


1366 


66 


6090 


73.8 


93.8 


060 


//90 


732 



63D 


93 


243 


/SS 


4460 


6.27 


/66 


/4J7 12^9 


J38 


4620 


769 


/7/ 


/.02 


/ZOO 


/40 




S9D 


94 


266 


/72 


3930 


6.24 


/64 


1424 /308 


//6 


4490 


7.64 


/43 


0.87 


1/80 


/39 


> 


60P 


9S 


286 


/90 


3260 


4.07 


/60 


14/6 /299 


//6 


4600 


760 


/44 


0.96 


//66 


/29 


o 
> 


6ID 


700 


326 


226 


2430 


2.76 


/33 


1420 7330 


90 


4380 


7.26 


/09 


0.8Z 


//60 


776 





2 
> 

TABLE nr.- STEWART - WARNER I SLOTTED-FIN TYPE HEATER > 
UC AIR-SHROUD CENTRAL CORE NOT IN GAS SIDE 

OVERALL 

" AIR SIDE EXHAUST- GAS SIDE HEATER TEMPS. PERFORMANCE 

Ta, Ta, ATa. Wa A Pa 7^, T9, 4Tg \A/g Z\ Pg ^ tb tc Z\t^ (UA ) 

oc Op op Jb Inches K Qtu on op on lb Inches K dU op orr or- orr ^li^ 

^ ^ H.O TT ^ H,0 TT f- F F F hr"F 



Run 



99 


90 


266 


/68 


4320 


5.29 


176 


1426 


/37S 


3/ 


6660 


9.76 


96.1 


O.SS 


684 


922 


S9d 


1220 


/44 




90 


29Z 


202 


34SO 


3.70 


/67 


1434 


/39/ 


43 


6880 


9.82 


81.4 


0.49 


744 


98/ 


630 


/2/S 


137 




94 


323 


229 


2730 


2.S2 


148 


/4/0 


/364 


46 


6870 


9.63 


8 7.0 


0.39 


783 


/0O3 


684 


/1 70 


126 


/02 


9^ 


363 


27/ 


2/70 


/.6S 


140 


/40S 


137/ 


34 


6900 


9.72 


64.S 


0.46 


823 


/OS3 


73S 


//60 


IZI 


/03 


39 


246 


/S7 


4320 


S.2i 


/64 


/403 


7339 


64 


5890 


730 


/04 


0.63 


7SO 


884 


363 


/20s 


/36 


104 


90 


26S 


/96 


3430 


3.60 


/62 


1420 


/374 


46 


S920 


73S 


74.8 


0.46 


727 


9S6 


624 


/20s 


134 


/OS 


S/ 


3/6 


?2S 


26S0 


244 


/47 


1424 


/380 


44 


S9/0 


73/ 


V/S 


0.49 


778 


/Oil 


672 


//QS 


/23 


/06 


92 


3S9 


267 


2/SO 


/6S 


/39 


/427 


/394 


33 


S920 


73S 


S3. 6 


039 


82S 


/0S7 


727 


//7S 


1/3 


/07 


93 


329 


23/ 


2/40 


/S7 


/20 


/390 


/329 


61 


4490 


4/3 


7S.4 


0.63 


723 


/0/S 


630 


//4S 


/OS 


/OS 


94- 


292 


/9S 


27 40 


233 


13/ 


1406 


/328 


80 


4300 


4/S 


99.0 


0.76 


660 


^60 


S94 


/I7S 


/// 


/OS 


94 


25S 


/64 


3470 


3.S4 


138 


140/ 


/296 


/OS 


4S0O 


4/2 


/30 


0.94 


623 


90s 


S4S 


1170 


//8 


//O 


94 


230 


136 


4-4O0 


S./4 


143 


1400 


/29S 


/OS 


4S00 


4/3 


/30 


0.90 


576 


Q5S 


302 


//80 


/23 



o 



TABLE IZ.- STEWART -WARNER 1 SLOTTED-FIN TYPE HEATER 
UC * I AIR-SHROUD CENTRAL CORE IN GAS SIDE 

OVERALL 

-AIR SIDE ^ EXHAUST- GAS SIDE ^ HEATER TEMPS. PERFORMANCE 



Run Ta. Ta, AT. Wa APa Tg, Tg, ATs Wg APs qg J U U tc At^(UA) 









T3, 


T9, 








lb 
hr 


Inches 

HaO 


Btu 
hr 


°F 




op Jb. 
hr 


Inches 


Btu 
hr 



Mo. °F "F "F T7 —r ^ °F -i^T V.,;" "ST^ 



62 D 


97 


282 


165 


42S0 


S20 


190,000 1420 






6800 


/65S — — 


702 


958 


776 


1220 


/56 


63 0 


97 


313 


2/e 


34-60 


3.78 


180.000 1420 


1373 


47 


6800 


/6.66 88P00 i)-90 


748 


1007 


775 


//95 


/SI 




100 


346 


246 


2740 


261 


163,000 1424 


1377 


47 


6770 


16.65 87S00 .S37 


796 


/046 


860 


1175 


139 


8SO 


100 


360 


280 


2/SO 


1.77 


145,000 1424 


1390 


34 


6770 


/6SZ (,3400 .437 


896 


/08S 


■902 


/200 


121 



86 D 


99 


371 


272 


2/70 


I7S 


143,000 1415 


1360 


55 


58O0 


1340 88,000 .613 


754 


1064 


757 


1140 


125 


87D 


96 


333 


237 


27^0 


264 


IS8.000 1424 


1368 


56 


5800 


13.46 89.500 .566 


772 


I028 


634 


1180 


134 


88D 


95 


299 


204 


3450 


3 77 


170,000 1407 


1338 


69 


5810 


13.45 110.000 .646 


714- 


974 


663 


J 175 


145 


89 D 


94 


268 


174 


42S0 


523 


179.000 1404 


J33I 


73 


5840 


13.50 117.000 .635 


667 


926 


622 


1180 


ISZ 



90D 


94 


255 


161 


4320 


5/6 m,ooo 


14/5 


1290 


//6 


44 90 


808 / 43,000 .852 


622 


897 


574 


1180 


142 




91 D 


96 


239 


193 


340O 


359 159,000 


/424 


/32I 


/03 


4490 


6 05 / 27.000 .800 


676 


955 


624 


/I7S 


135 




92 D 


99 


324 


225 


2740 


245 149.000 


1424 


/343 


81 


4480 


7.97 /OOOOO .670 


723 


/006 


672 


/I70 


127 


NACA 


93 D 


JOI 


364 


263 


2130 


/63 I36p00 


/4-24 


/35/ 


73 


4470 


8.0/ 89J00 .660 


760 


/055 


727 


/ISO 


118 



z 

> 

TABLE STEWART-WARNER SLOTTED-FIN TYPE HEATER > 

uc ^2 AIR- SHROUD CENTRAL CORE NOT IN GAS SIDE 

OVERALL 

AIR SIDE " EXHAUST- GAS SIDE • HEATER TEMPS. PERFORMANCE 

Run Tq, Ta, ATa Wo APa C^a Tg. T^^ AT^ IA/9 AP3 ^ U tb tc A^ (UvA) 

Kl oc oc- or- ib_ Inches K6tU or- oc ©CT IrtcflCS K8ta oc OCT or- Of- Btu 

^ ^ hr HrO ^ ^ ^ H.O TT P F h h ^ 



/// 


90 


242 


ISZ 


4280 


3.06 


158 


/41I 


1360 


SI 


6920 9.83 


96.9 


0.6/ 


656 


36? 


663 


1220 


129 


//^ 


91 


27/ 


160 


3420 


2.14 


149 


I40S 


1369 


36 


6900 9.87 


68.2 


0.46 


763 


/020 


7/4 


IZOO 


/i4- 


/I3 


89 


296 


209 


2670 


1.40 


133 


J 4 09 


1372 


37 


6920 9.7S 


70.4 


0.51 


790 1063 


763 


II9S 


/I3 


114- 


9Z 


^29 


237 


2140 


0.96 


123 


1402 


/364 


38 


6900 9.80 


72.0 


0.59 


642 II06 


823 


1/80 


/04- 


U5 


93 


319 


226 


2120 


1.00 


116 


1398 


1361 


37 


58S0 7.02 


59.S 


O.SI 


806 


1074 


768 


/I80 


98 


116 


93 


268 


I9S 


2740 


140 


129 


1392 


I3SZ 


40 


58S0 7.02 


63.2 


0.49 


7S9 


1028 


733 


1200 


/07 


117 


92 


259 


167 


3470 


215 


140 


1393 


1340 


63 


5850 7.02 


852 


0.61 


70/ 


977 


<572 


1/90 


//a 


116 


90 


226 


J36 


4390 


3.2s 


/5I 


1364 1330 


S4 


5850 7.00 


86.6 


0.56 


643 


920 


609 


1200 


/26 



119 


91 


221 


130 


4600 


3.26 


I4S 


14/6 1344 


7Z 


4500 43/ 


871 


0.60 


611 


30/ 


S6/ 


/220 


//9 


120 


90 


248 


158 


3590 


2.20 


137 


1422 /358 


64 


45/0 437 


7S.4- 


0.53 


665 


970 


639 


/2/S 


//3 


121 


93 


280 


/87 


2780 


/4S 


126 


1430 1374 


56 


4500 4.3/ 


685 


0.54 


72/ 


/020 


70/ 


12/5 


104 


122 


9S 


314 


219 


2150 


0.90 


//4 


1429 138/ 


46 


4390 4.32 


57.9 


0.5/ 


776 


1018 


766 


/200 


95 



TABLE m.- STEWART - WARNER "^1 SLOTTED-FIN TYPE HEATER 

UC *2 AIR-SHROUD CENTRAL CORE IN GAS SIDE 

OVERALL 

AIR SIDE EXHAUST- GAS SIDE * HEATER TEMPS. PERFORMANCE 

Ran To, Ta. Z^T* \Na APa (ga T9. Tg, ATs \Ns APg ta U tc Atj^ (UA) 

M oc orr or \^ oc- OfT orr 1^ ^^<^hc^ !lB£jf OC op op .p QtM 

^ hr HaO "hT ^ ^ hr H.O ^ ^ ^ 





93 


26/ 


/6<5 


4190 


3.6S 


170 


1413 1374 


39 


68Z0 


17.0 


73.1 


0.43 


765 


/0/7 


724 


/Z/0 


/4C 


7/^ 


91 


no 


178 


3900 


3.S0 


166 


1412 1372 


40 


6840 


17.5 


7S.6 


0.45 


782 


/024 


736 


/Z/0 


/39 




94 


Z9Z 


196 


3250 


Z.Sd 


IS6 


1420 1368 


52 


6820 


17.4 


97.5 


0.62 


822 


I06Z 


782 


1200 


/30 


7J£> 


9S 


334- 


239 


Z420 


1.58 


140 


1420 1390 


30 


6810 


176 


S6.Z 


0.40 


89/ 


//22 


Q6Z 


//90 


//d 



740 


83 


25/ 


/68 


4230 3.80 


/72 


/424 


/343 


61 


56/0 


/3/ 


/Z9 


0.7S 


7/8 


966 


699 


/ZZO 


14/ 


7SO 


9/ 


Z6Z 


/7/ 


3940 3.4S 


/63 


1435 


/35/ 


64 


56/0 


/3/ 


/34 


0.62 


736 


/OOl 


708 


IZ20 


134 


76D 


9S 


265 


/90 


3200 2.45 


/47 


1420 


1356 


64 


5800 


/3./ 


/02 


0.69 


736 


/044 


140 


//95 


123 


770 


93 


323 


230 


2450 /.60 


/36 


/42d 


1360 


60 


5630 


/3/ 


961 


0.7/ 


648 


/094 


822 


//60 


1/5 



78D 


93 


238 


145 


4330 3.60 


152 


14/5 1326 


89 


4430 


795 


/08 


0.7/ 


690 


955 


674 


1205 


126 


79D 


95 


246 


ISl 


3980 


3.36 


/46 


14/2 /3/9 


93 


4280 


7.29 


//O 


0.7S 


699 


955 


690 


1200 


122 


800 


93 


271 


176 


3300 


2.46 


/42 


/459 /335 


/24 


4290 


7.33 


/46 


/.03 


735 


978 


729 


1210 


1/7 


8ID 


96 


304 


203 


2520 


1.66 


127 


1420 13JO 


70 


43/0 


73/ 


83.0 


0.65 


75/ 


/12Z 


808 


1185 


107 



TABLE VII 

STEWART-WARNER SLOTTED-FIN HEATER 

Isothermal Pressure Drop Data^^^ 
Ventilatin^Air Side 



TABLE VIII 
STEWART-WARNER SLOTTED-FIN HEATER 



Isothermal Pressure Drop Data 
Exhaust-Gas Side 



(b) 



Z 
> 

o 
> 



Ib/hr 


G 

a 

Ib/ft^hr 


A P 

^ DUCT 
lb/ft2 


AP 

HTR 
Ib/ft^ 


A P 

Tiso 

lb/ft2 


\3 iso' D^/ 


1. Using Ames Air Shroud 










2000 
3000 
1+000 

5000 


7,380 
11,100 
li+,800 
18,1400 


2.60 
o.Z+U 
10.2 
19.8 


6. SO 
12.1+ 
21.3 
27.2 


9.10 
18.8 
31.5 
1+7. « 


7.03 
5 -81+ 
5-78 
I+.71 


2. Using UC-1 Air Shroud 










2000 
3000 
1(000 

5000 


9,860 
ll+,800 
19,700 
21;, 600 


0.73 
1.55 
2.70 

I+.I5 


I4.O2 
8.1+ 
ll+.B 
22.6 


U.75 
10.0 

17.3 
26.8 


2.1+5 
2J28 
2.27 
2.20 


5. Using UC-2 Air Shroud 










2000 
3000 
1+000 
5000 


7,380 
11,100 
ll+,800 
10,1+00 


0.73 
1.55 
2.70 
li.15 


2.52 

9.5 
II+.6 


3.25 
7.00 
12.2 
18.8 


2.73 
2.63 

2'.li 



(^)pressure drops obtained from plots of ^ P versus W^^ 
^^DUCT " ^^^P ^" shroud ducts (entrance and exit sections), Ib/ft^ 

APhtr - Pressure drop in beater, Ib/ft^ 

/^Pm = Overall pressure drop - ^? -i^- A? . Ib/ft^ 
^iso DUCT HTR ^ 



Ib/hr 


Ib/ft^ hr 


^^Ti3o= ^^HTR 

Ib/ft^ 


( -^J 


1. Without Central Core 








1+000 


19,700 


1+.60 


0.699 


6000 


29,500 


9.70 


0.658 


10000 


1+9,200 


25.0 


0.610 


2. With Central Core 








1+000 


25,200 


9.1+0 


1.03 


6000 


3l+,800 


19.9 


0.956 


10000 


58.100 


51.3 


0.889 



(b) 



Pressxire drops obtained from plots of ^P versus W, 



g 



iso 



Overall pressure drop, Ib/ft^ 



p ^ Pressure drop across heater only, lb/ft 
HTR 

4P. 



(10) 



= Z 



4Ph 



TR 



\ 3i>co! 



(lOa) 



TABLE IX 



STEVfART-VTARNER SLOTTED-FIN HEATER 

non-Isothermal Pressure Drop Data 
Venti lating-Air Side 



Run 
No. 


^a 
lb /hr 


Ga 

Ib/hr ft^ 


Measured 
isothermal 
pressure 
drop( c ) 

lb /ft2 


Predicted 
non- 
isothermal 
pressure 
drop 

lb/ft2 


Measured 
n5n- 

isothermal 

pressure 

drop 

lb /ft2 


Or 


^2 
Or 


T 

a 

Or 


1. I 


\jnes Air 


Shroud 


T. 558°R 
ISO -"^ 












ko 

2k 
33 
k6 


2600 
3U6O 
U19O 

U980 

558O 


10,700 
111, 200 
17,200 
20,500 
22,900 


iU-0 

23.5 
33.5 

U5-5 
56.0 


18.8 
29.9 
1^0.7 
56.0 

67.9 


23.3 
37.U 
50.5 
7U.5 
82.0 


537 
56U 
555 
56ii 
550 


782 
7i42 
699 

nh 
685 


669 
653 
627 

639 
616 


2. UC-2 Air 


Shroud 


T. S52°R 
ISO - ^ 












77D 

76D 
75D 

7i4D 


2U5O 
5200 
39UO 
14250 


8,800 
11,600 
U;,300 
15,300 


U.BO 
7.90 
11.8 
13.7 


7.00 
11.2 
15.9 
13.5 


8.30 
12.7 
17.9 
19.7 


553 
555 
551 
553 


785 
7U5 

722 

711 


668 
650 
656 
652 


3. 


UC-1 Air Shroud 


'^iso 55i'r 












BSD 
QUD 
85 D 
82D 


21S0 
27UO 

3U5O 
il250 


10,500 
13,100 
16,500 
20,300 


5.U5 
8.60 

13.3 
19.7 


8»73 
13-3 
19.7 
27.9 


8.90 

13 

19.5 
27.5 


560 
560 
557 
557 


8U0 
806 
773 
lh2 


700 
685 
670 
650 



^Obtained from plot of APm versus W 
iso 



4^ 



TABLE X 

STEWART-WARNER SLOTTED-FIN HEATER 



Non-lGO thermal Pressure Drop Data 
Exhaust-Gas Side 



Run 
No. 


g 

Ibs/hr 


G 

6 

Ibs/hrft^ 


Measured 
isothermal 
pressure 
drop(d) 

lbs/ft2 


Predicted 
non- 
isothermal 
pressure 
drop 

lbs/ft2 


Measured 
non- 
isothermal 
pressure 
drop 

Ibs/ft2 


^1 

Or 


h 

Or 


T 

a 

Or 


1. 1 


Vithout Central Core 


T. 56l^R 

ISO ^ 

5.20 

9.60 
15.0 
II4.7 














2h 
28 
55 
39 


14280 
5970 
7020 
7530 


20,500 
27,500 

53,600 

56,000 


17.2 
35.0 
I4I4.6 
U7.I 


I6.5 
52.U 
. I45.I 
U9.3 


1880 
1915 
1867 
I85O 


1772 
1816 
I8O5 
1755 


1826 
I865 
1055 
1802 


2. With Central Core 
















6ID 
60D 
55D 
l^SD 


U38O 
I45OO 
6160 
68B0 


2U,600 
25,500 
5U,600 
58,700 


Tiso 551°R 

11.0 
11-7 
21.0 
25.1 


59.5 
I4O.5 
75 .14 
B9-6 


57.7 
39. 14 
71.6 
83.1 


1880 

1875 
18814 
1897 


1790 
1759 
I79U 
1790 


1855 
I8I7 
1859 
I8U5 



Obtained from plot of ^? versus W . 

nso ^ 




NACA 



Fig. 1 





8 ^ uc ^1 ef i.D. 

UC 9 " I.D. 




nd UC * 2 air shrouds 





25" 
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> 6- 
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Thermocouple 
locations (6) 




52 rows of fins (0 045" copper) 
(69 fins per row ) 

Central core 

80 rows of fins ( 0.045 " copper ) 
(19 fins per row) 



O.D. \ 



Section - A-A 

S t e w a r t - Wa rn e r slotted-fin heater 
with central core 

wt. - 32.5 lbs ( without core ) 




9 I.D. 



a i r shro u d 
vt. - 6.0 lbs 



Air side 
UC^I UC*2 Annes 

Cross-sect, area, f 0.203 0.271 0.271 

Total wetted perim.,ft 18.6 18.7 18.7 
Hydraulic d iameter , f t 0.0436 0.0580 0.0580 



Gas side 

w ithout with 
core core 
0.203 0.172 

11.7 12.3 

0.0694 0.0559 



2.- Schennotic Diagram of S t e w a r t - Wa r n e r Slotted-FIn Heater with 
Central Core and Ames and UC Air Shrouds. 




Figure 4.- Photograph of Stew art -A'arner heater using semi-cross-flow (Ames) air shroud. •'^ 
(Taken before installation of traversing, shielded thermocouple at exhaust-gas 

outlet .) 



NACA 



Figs. 5,6 




Figure 6.- Photograph showing central core installed in 
exhaust-gas side of Stewart -Warner heater. 
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Fig. 7.- Thermal output of Stewart -Worner heater without 
central core, using Ames air shroud, as a function 
of ventilating - air rate. 
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F i g. 8. - Thermal output of S t ew a r t - War n er heater with 

central core, using Ames air shroud, as a function>^^ 
of ventilating - air rate. 
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Fig. 9.- Thermal output of St e w a rt - Worn er heater without F i g. 10.- The r m a I output of S t e wa r t - Warner heater with central?^ 

core, using DC *l air shroud, os a function of 5^ 

O 

ventilating - clr rate. 



central core, using DC ^1 air shroud, as a 
function of ventilating -air rote. 
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g. II.- Thermal output of Stewart - Warner heater without 
central core, using UC air shroud, as a 

function of ventilating- air rate. 
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Fig. 12.- Thermal output of S t e w a r t - Wo rn e r heater with 
central core, using UC *2 air shroud, as a 
function of vent i I a t i n g - a ir rate. 
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Overall thermal conductance of Stewart - Warner Fig. 14. 

heater without central core, using Ames air shroud, 
as a function of ventilating - air rate. 
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with central core, using Ames air shroud, 
a function of ventilating - air rate. 
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Fig.l6.- Overall conductance of Stewart - Warner heater — 

^ cn 

DC * I air shroud as ^'^^ central core, using UC oir shroud, as ^ 

_ CD 

a function of ventilating - air rate. 
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Fig. 17.- Overall thermal conductance of Stewart - Warner heater 
without central core, using UC *2 air shroud, os o 
function of ventilating- air rate. 



Fig. 18. 



Overall thermal conductance of Stewart - Warner 
heater with central core, using UC *2 air 
shroud, as a function of ventilating - air rate. 
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Fi g. 19.- Pressure drop on air side of Stewart- Wo rner heater 

with Ames air shroud, as a function of vent il ati ng - air f^"9-20.- 
rate 
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F.g. 21.- Pressure drop on air side of S t a rt - Warner Fl g. 2 2.- Pressure drop on exhaust -gas side of Stewart- 
heater, with UC #2 air shroud, as a function of Warner heater, without central core as a 
ventilating - air rate. function of exhaust- gas rote. 
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^ Measured non-isothermal pressure drop 



X Predicted non-isothermal pressure drop 
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Figure 23 Pressure drop on exhaust-gas side of Stewart- 
Warner heater, with central core, as a function 
of exhaust-gas rate. 



